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(54) Method for obtaining DNA, RNA, peptides, polypeptides or proteins by means of • DMA recombinant 
technique 

(57) Genes at least partially composed of stochastic synthetic polynucleotides are simultaneously produced within 
the same medium, the genes thus obtained are introduced into host cells; the independent strains of modified 
host cells enclosing said genes sre simultaneously grown, so as to done the stochastic genes and to promote the 
production of the proteins expressed by each of said stochastic genes; the strains of modified host cells are 
screened and/or selected so as to identify the strains producing peptides or polypeptides showing at least a given 
property; the identified strains are isolated and grown so as to produce at least a peptide or polypeptide showing 
said property. Analogously, stochastic DNA or RNA sequences showing at least a desired property can be 
produced by screening and selecting strains of modified host cells so as to identify the strains enclosing in their 
genome said DNA or RNA sequences. 



Q 



oo 

GO 

o 



gg 2 183 661 A 1 



SPECIFICATION 

Procewf ' Obtaining ONA. RNA. P pt.d«. 
P lyp ptides.orProt ins by Recombinant ONA 
Technique 

5 The present invention has as its obie* . Prows* 
for obtaining ONA. RNA. peptides. P°'V WjSf ° f 
proteins, through use of transformed host cells 



of oligonucleotides without cohesive ends in a 
m8 nn 9 ert form fragments of stochastic ONA. 
foil wed by ligation of these fragments to a 
previously linearized expression vector 
70 Theexpressionvectorcanbeaplasm,d^ tablya 
bacterial plasmid. Excellent results have been 
obSned using the P ..smidpUC8 as the express^ 

^'expression vector can also be viralDNAora 



proteins. inroug" - ■ .k, B «B RNAs, meBxpnw*"—- 

containing genes capable of express ng tb e« b FN as. d and ^ ONA. 

10 pCdes "lypeptides. or P^l'le The host cells can be prokaryotic cells such as HB 

,w recombinant ONA technique. i 0 1 and C 600. or eukaryotic cells. 

When utilizing the procedure 
second mode mentioned above, it .s possible to 
80 utiHze oligonucleotides which form a group of 

p ^c°;.^ 

the following group of palindromic octamers: 



1 peptides, polypeptides, or prow.—. ■- 

of stochastic genes or fragments of ^ h » o rt, ^ eneS 
in a fashion to permit obtaining simultaneously. 

s&sssassagg- 

r#snectivelv capable of expressing these proteins. 

vsssssszSgET 

antigenic, phan^acolc^ic.orpropertesof 

25 liganding. and more generally, chemical, 
biochemical, biological, etc. properties. 

j^bgSSiSlNA^r^g^ 

prop efl ir r i nntnhlyr . hfimirnl niocn? s — . 

30 biological prgr""*' 



-TnraeKSrfehat the Invention is open to a 

areas of science, industry and medic me. 
The process for production of pep ides or 

35 polypeptides according to the invention J» 

35 cha V r P actV,zedinthatoneprodu^ 

in the same medium, genes which are £ least 
partially composed c4synthew«t«hart.c 
polynucleotides, that one imrwluMS the genes thus 

40 obtained into host cells, that one 

W simultaneously the independent done, of Mftt 
transformed host cells containing these genes in 
such a manner so ..to done the «och.m g.n« 
and to obtain the production of the proteins 

one carries out selection and/or greening of he 
donSoftransformed host cells in a manner to 



oc 5' 6GAATTCC 3' 

W 5'6GTCGACC3' 
5* CAAGCTTG 3' 
SCCATATGG3' 
5' CATCGATG 3' 

90 K is also possible to use oligonucleotides which 
form a group of palindromic heptemers. 

Very good results are obtained utilizing the 
following group of palindromic heptamers: 

95 B'XTCGCGAS' 
5' XCTGCAG 3' 
5RGGTACC3' 

^culture of independent clones of the wn jfomied 

sassaasssga- 

wnh T4 ONA ligase. In such a manner t .create a 
wiui . . , mi a ^.mMm new stochastic 



identifv those clones producing pepua« -> ^ T4 DNA , ig88e , in sucn a mann*. 



In a first mode of carrying outth« process, 
stochastic genes are produced by stochastic 

rSSSSr* rmationofcohesiveendsinsucha 
fashTnalformast 

Jecondstrand fthe stochastic ONA. 
In a second mode f -rnr-nfl out »« P^eM..,^ ^ 



new ensemble ot uimm "-' erefore contain 

sequences, this new ensemble can thererore w 
. number of stochastic genes larger than the 

utilizes this new ensemble of 
,20 transform the host cells ■^jSlKSST 
finally utilizes screening and/or wiecnon ■ u 
IsoUsthe newclones of trans f^^J^ 
ne peptide or polypeptide, for example, a new 



2 



GB 2 183 661 A 2 



peptides and/or polypeptides, the said property can 
be the capacity to catalyse a sequence f reactions 
leading from an initial group f chemical 
comp unds to at least one target comp und. 
5 With the aim of producing an ensemble 
constituted by a plurality of peptides and 
polypeptides which are reflexively autocatalytic. the 
said property can be the capacity to catalyse the 
synthesis of the same ensemble from amino acids 
10 and/or oligopeptides in an appropriate milieu. 
The said property can also be the capacity to 
modify selectively the biological or chemical 
properties of a given compound, for example the 
capacity to selectively modify the catalytic activity of 
15 a polypeptide. 

The said property can also be the capacity to 
•timulate. inhibit, or modify at least one biological 
function of at least one biologically active 
compound, chosen, for example, among the 
20 hormones, neurotransmitters, adhesion factors, 
growth factors and specific regulators of DNA 
replication and/or transcription and/or translation of 
UNA. . 
The said property can egujlly be the capacity of. 
1* the peptide or pclv pnnti' 1 '' tft hinrt to 8 aiven "" nd - 
The invention also has as its object the use of the 
peptide or polypeptide obteined by the process 
specified above, for the detection and/or the titration 
ofaligand. 

30 According to a particularly advantageous mode of 
carrying out the invention, the criterion for selection 
of the clones of transformed host cells is the 
capacity of these peptides or polypeptides to 
simulate or modify the effects of a biologically 

35 active molecule, for example, a protein, and 

screening and/or selection for clones of transformed 
host cells producing at least one peptide or 
polypeptide having this property, is carried out by 
preparing antibodies against the active molecule. 

40 then utilizing these antibodies after their 

purification, to Identify the clones containing this 
peptide or polypeptide, then by cultivating the 
dones thus identified, separating and purifying the 
peptide or polypeptide produced by these clones, 

45 end finally by submitting the peptide or polypeptide 
to an in vitro assay to verify that it has the capacity 
to simulate or modify the effects of the said 
moiecule. 

According to another mode of carrying out the 
50 process according to the invention, the property 
serving as the criterion of selection is that of having 
at least one epitope similar to one of the epitopes of 
a given antigen. 
The invention carries over to obtaining 
55 polypeptides by the process specified above and 
utilizable as chemotherepeutically active 



chromatography against antibodies c re sponding 
to a protein express * ^ T h » natural nart of the 
DNA hybrid. 

For example, in the case where the natural part of 
70 the hybrid DNA contains a gene expressing B- 
galactosidase, one can advantageously identify and 
isolates the said clones of transformed host cells by 
affinity chromatography against anti-B- 
galactosidase antibodies. 
75 After expression and purification of hybrid 
peptides or polypeptides, one can separate and 
isolate their novel parts. 

The invention also applies to a use of the process 
specified above for the preparation of a vaccine; the 
80 application is characterized by the fact that 
antibodies against the pathogenic agent are 
isolated, for example antibodies formed after 
injection of the pathogenic agent in the body of an 
animal capable of forming antibodies against this 
85 agent, and these antibodies are used to identify the 
clones producing at least one protein having at least 
one epitope similar to one of the epitopes of the 
pathogenic agent, the transformed host cell 
corresponding to these clones are cultured to 
90 produce these proteins, this protein is isolated and 
purified from the clones of cells, then this protein is 
used for the production of a vaccine against the 
pathogenic agent. 
For example in order to prepare an anti-HVB 
95 vaccine, one can extrect and purify at least one 
capside protein of the HVB virus, inject this protein 
into an animal capable of forming antibodies 
against this protein having at least one epitope 
similar to one of the epitopes of the HVB virus, then 
100 cultivate the clones of transformed host cells 
corresponding to these clones in a manner to 
produce this protein, isolate and purify the protein 
from culture of these clones of cells and utilize the 
protein for the production of an anti-HVB vaccine. 
105 According to an advantageous mode of carrying 
out the process according to the invention, the host 
cells consist in bacteria such as Escherichia coli 
whose genome contains neither the natural gene 
expressing B-galactosidase, nor the EBG gene, that 
110 is to say. Z", EBG" E coli. The transformed cells are 
cultured in the presence of X gal and the indicator 
IPTG in the medium, and cells positive for B- 
galactosidase functions are detected; thereafter, the 
transforming DNA is transplanted into an 
1 1 5 appropriate clone of host cells for large scale culture 
to produce at least one peptide or polypeptide. 
.IhftgropertY serving ar the rritfrinn 



lUDstances. 

In particular, in the case where the said antigen is 
EGF. the invention permits obtaining polypeptides 
60 usable for chemotherapeutic treatment of 
epitheliomas. 

According to a variant f the procedure, one 
irlr ntifjrs ajdjsojates th clones of transformed 
Rb-sTceHs ^duWg peptides^ pojypeptides 

ftC g^Tnn the nmnoftv Heeirort Mv nffinitv 



llii'l""! 1 ""! »» a — 1 - 

ofthejrajisiQiined h " e t Cells — 

capacity of the polypeptides orp x ntftin* nrpQucea 
120 by the culture of these clon es to bind to a given . 
c ompoun d. 

*~Thi?compound can be in particular chosen 
advantageously among peptides, polypeptides ana 
prot ins. n tably among proteins regulating the 
125 transcription activity f DNA. 

ftn thn mhnr h" ri th " * " if1 compound can also pe _ 

chosen among DNA an HRN A seou nces. 
— Y h e Invention has also as its obj ct th se proteins 
which are btained in the case where the property 
130 servino as criterion of selection of the clones ' 
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transformed host cells consist in the capacity f 
theseproteinst bind to r^ulatory pr«e.ns 
contr Hing transcription activity of the DNA. or Ise 
t DNA and RNA sequences. 
5 The invention has. in addition, as ar .object the 
use of a protein which is obta.ned in the first 
pabular case above mentioned, as a m< reguWory 
sequence controlling replication or transcription of a 
neighboring DNA sequence. „.„ 
10 On the other hand, the aim of *e inv.nt.on i also 
Includes utilization of proteins obta.ned m the 
second case mentioned to modify «"2HEj, 
transcription or replication of a sequence of DNA. in 
a cell containing the sequence of DNA. and 

production of DNA, rhn— — 0 simu _ a ?~~~ 
- ~e medium ^ flf V**™* at 'east. 



2( 



oroauCtlOn inmiiMii«'"»»-^ » »'»' — 

^n ^n^osed of stochast* Sffhett c 
felynuclTotides. in that the genes '''"^ t »' n ^' r » 
&uceTOo host cells to produce an ensemble of 



ihTroduceo inxo now wm» « k— — --- 
transformed host cells, in that screening 
selection on this ensemble is earned out to identify 
those host cells containing in thei r genome 
2 4 stochastic sequences of DNA h^ing «t J^st one 

.the clones of host cells thus identified ^ Isolated. 
J*-The invention further has as its ob,ect a procedure 
^to produce RNA. characterized by simultaneous 
production in the same medium, of genes at least 
partially composed of stochastic synthetic _ 
polynucleotides, in that the genes thus obtained are 
Introduced into host cells to produce an ensemble of 
i transformed host cells, in that the host cells so 
3 A produced are cultivated simultaneously, and 



three hours, the linearized vector is electr fluted 
precipitat d methanol, and taken up in 30 1 f water. 

b) Stochastic Synth sis Using the Enzyme Terminal 

70 Transferase (TdT) 

30 ug of the linearized vector are reacted for 2 
hours at 3rC with 30 units of TdT in 300 1 of the 
anoropriate buffer, in the presence of 1 mM dGTr-. l 
35Sp. 0.3 mM dTTP and 1 mM dATP. The lower 

75 concentration of dTTP is chosen in order to reduce 
the frequency of "stop" codons in the 

by utilizing a lower concentration for dATP than for 
80 the other desoxynucleotide t"Phosphate^The 
progress of the polymerization on the 3 extremity 
of the Pstl sites is followed by analysis on a gel of 
aliquotes taken during thecourse of the reaction 

vVhen the roartioRanginsor passes 

85 of 300 nucleotide" added P «r 3' extremity, it s 

stopped and the free nucleotides a. e serrated from 
the polymer by differential P^^^T* sievB 
passage over a column containing a motacular sieve 
such as Biogel P60. After concentration by 
90 precipitation in ethanol. me polymerosare 

subjected to a further polymerization with TdT. first 
fntheprwenceofdATP.theninthepre^nceof 
dTTP. These last two reactions are separated by a 
filtration on a gel and are carried out for short 
95 intervals (30 seconds to* minutes) no Jer to add 
sequentially 10-30 A followed by 10-30Tto the 3 
ends of the polymers. 



isofciedlrom the host cells thus ; .den ^d. 
L tk. pmp^rtv can be the capacitjgpjMDdj 
o^gmS^ ""°ht befoTejcajrplsJ. 
£ nn t=-fi- " r^vf^Ptiri* or orot"'", " also the, 
jgS^tatv se a ghfffi^hjmirWnfaiOT . 0' fre 

be described in more details, as we I as some of its 
applications, with reference to non hmrtative 
embodiments. . . 

50 First, we shall describe particularly useful 
procedures to carry out the synthesis of ^stochastic 
genes, and the introduction of those genes in 
bacteria to produce clones of transformed bactena. 

55 I) Direct Synthesis on an Expression Vector, 
a) Linearization of the Vector 

30 micrograms, that is, approximately 10 
molecules of the pUC8 express.on vertorare 
linearized by incubation f r 2 hours ,« j™^™ 

60 units fthePstlrestrictionenzyme.navolum.ot 
300 1 f the appropriate standard buffer. Tn 
UnearizVvectorStreatedwithphenol-chlor f rm 

TPBbMffpr After miorat.on.n a field f3Wcmtor 



c) Synthesis of the Second Strand of Stochastic DNA 
100 Each molecule of vector possesses, at the end of 
the preceding operation, two «ocha«.c sequences 
whose 3' ends are complementary. The mixture of 
polymers is therefore incubated in conditions 
favoring hybridization of the "momentary 
105 extremities (150 mM NaCI. 10 mM Tns^HOj pH 7.6. 1 
mM EDTA at 65" for 1 0 minutes^ ov«d by 
lowering thetemperature to 22»C "t»r»teof3 to «• 
C per hour. The hybridized polymers are then 
Jeacted with 60 units of the l«0*<W«« K,enoVV, 
110 of polymerase l.>"thepres^ceofthefour 

nucleotide triphosphates (200 mM) at 4"C for two 
Tours. This step -ccomplishesthe syn^es-s of the 
second strand from the 3' ends of *e hybnd 
polymers. The molecules v^ich rosuMrom th s 

115 direct synthesis starting ^ m » inM "^ en ^ 
thereafter utilized to transform competent cells. 



(^Transformation of Competent Clones 
^100 to 200ml of competent HB101 of C600ata 
120 concentration of cells/ml. .ro^ 

Mqa,for30mia u 1e S .t«.Ate m pe.5. U r«5l.ocK)l 



GB 2 183 661 A 4 



culture is centrif uged, and the pellet of trensf rmed 
cells is ly philysed end stored at -70°C. Such a 
culture contains 3x10' to 10' indep ndent 
transformants. each containing a unique st chastic 
5 gene inserted into the expression vector. 

II) Synthesis of Stochastic Genes Starting From 
Oligonucleotides Without Cohesive Ends. 
This procedure is based on the fact that 

10 polymerization of judiciously chosen palindromic 
oligonucleotides permits construction of stochastic 
genes which have no "stop" eodon in any of the six 
possible reading frames, while at the same time 
assuring a balanced representation of triplets 

1 5 specifying all amino acids. Further, and to avoid a 
repotition of sequence motifs in the proteins which 
result, the oligonucleotides can contain a number of 
bases which is not a multiple of three. The example 
which follows describes the use of one of the 

20 possible combinations which fulfil these criteria: 

a) Choice of a Group of Octamers 
The group of oligonucleotides following: 

95 5' GGAATTCC 3' 

5' GGTCGACC 3' 
5' CAAGCTTG 3' 
5' CCATATGG 3' 
-5' CATCGATG 3' 

30 



is composed of 5 palindromes (thus self 
complementary sequences) where it is easy to venfy 
that their stochastic polymerization does not 
generate any "stop" codons. and specifies all the 
35 amino acids. 

Obviously, one can utilize other group of 
palindromic octamers which do not generete any 
"stop" codons and specify all the amino acids found 
in polypeptides. Clearly, it is also possible to utilize 
40 non palindromic groups of octamers. or other 
oligomers, under the condition that their 
complements forming double stranded DNA are 
also used. 

45 b) Assembly of a Stochastic Gene From a Group of 
Octamers 

A mixture containing 5 M0 each of the 
oligonucleotides Indicated above (previously 
phosphorated at the 5' position by a standard • 
50 procedure) is reacted in a 100 ul volume containing 
1 mM ATP. 10% polyethyleneglycol. and 100 units 
of T4 DNA ligase in the appropriate buffer at 1 3"C for 
six hours. This step carries out the stochastic 
polymerization of the oligomers in the double 
55 stranded state and without cohesive ends. The 
resulting polymers are isolated by passage over a 
molecular sieve (Biogel P60) recovering those with 
20 to 1 00 oligomers. After concentration, this 
fraction is again submitt dt catalysis or 
60 polymerization by T4 DNA ligas under the 
conditions described above. Th r after, as 
described above, th se polymers which have 
assembled at least 100 ligom rsareisolat d. 



c) Preparation Of The Host Plasmid 

The pUC8 expression vector is lin arized by Smal 
enzyme in the appropriate buffer, as described 
above. The vector linearized by Smal does not hBve 

70 cohesive ends. Thus the linearized vector is treated 
by calf intestine alkaline phosphatase (DP) at a level 
of one unit per microgram of vector in the 
apppropfiate buffer, at 37°C for 30 minutes. The CIP 
enzyme is thereafter inactivated by two successive 

75 extractions with phenol-chloroform. The linearized 
and dephosphorylated vector is precipitated in 
ethanol. then redissolved in water at 1 mg/ml. 

d) Ligation of Stochastic Genes To The Vector 
80 Equimolar quantities of vector and polymers are 
mixed and incubated in the presence of 1000 units 
of T4 DNA ligase. 1 mM ATP. 10% polyethylene 
glycol, in the appropriate buffer, for 12 hours at 
13°C. This step ligates the stochastic polymers in the 
85 expression vector and forms double stranded 
circular molecules which are, therefore, capable of 
transforming. 

Transformation of Competent Clones 
90 Transformation of competent clones is carried out 
in the manner previously described. 

Ill) Assembly of Stochastic Genes Starting From A 
Group Of Heptamers 
95 This procedure differs from that just discussed in 
that it utilizes palindromic heptamers which have 
variable cohesive ends, in place of stochastic 
sequences containing a smaller number of identical 
motifs. 

100 

a) Choice of a Group of Heptamers 

h is possible, as an example, to use the following 
three palindromic heptamers: 



105 



5'XTCGCGA3' 
5'XCTGCAG3' 
5' RGGTACC 3' 



where X- A, G, C, or T and R "A or T. and where 
1 10 polymerization cannot generate any "stop" codons 
and forms triplets specifying all the amino acids. 

Clearly it is possible to use other groups of 
heptamers fulfilling these same conditions. 

115 b) Polymerization of a Group of Heptamers 

This polymerization is cerried out exactly in the 
fashion described above for octamers. 

c) Elimination Of Cohesive Extremities 
1 20 The polymers thus obtained have one unpaireo 
base on their two 5' extremities. Thus, it is 
necessary to add the complementary base to the 
corresponding 3' extremities. This is earned out as 
lollows: 10 micrograms of the double « r »" de <* 
125 polymers are reacted with 10 units f the Klenow 
enzyme, in the pr sence of the four 
d ^xynudeotideph sphat s (200 mM) in a volume 
f100ul.at4*C.f r 60 minutes. The nzymeis 
inactivat d by phenol choloroform extraction, ana 
170 tho nnlvmpw arP rlpanspH of thp rpsidual free 



Clearly, in addition to the procedures which were 
described above, it is feasible t use all other 
lothods i Which are appropriate for the synthes.s of 
S£hast^ 

sssssssssssss 

75 , 



nude tides by differential '"J^ 

5 ^described utilize ^ 

neptamer, which ^^S^SiSuiL^ 
restriction enrymes. ^ese s^es a e » t 

most part from ^***ZESm*>W 
10 is possible to augment cons.deraDiy >™< s h 
10 of an initial preparation of *""% WA 

proceeding in the following way: 

SerivedfromthecultureoflO '"Jj"**^ 

transformants obtained by one of the twotort 
,5 procedures described above, .s .so •^fter th,s 

DNA is purified, it is partially digested by CM 

^ctionenzym^ 

20 T4 DNAIigase. which hasthe » effectof M 

in the stochastic ONA sequences. 
30 f Recombination within the stochasw genes expioIldU . iwti 

mutations, or utilization of host cells express, g 

K «, "on. ,uch ,.ne. (or coding * 
pol»m.ri»tiooc.ob.c.rnrtou>*r«Won^ 




Sc™.oi080rS.lectionOtClonesO<T™r«for m .d 

"o™**.mo«imp.n.ot.sp,ct..^P^'. 

95 DNA constituting products in themselves, n 
exploitable biochemical P^™. 8 ' ino 
We shall now describe, as non- .rn.tat.ng 

of industrial or medical apP^ons. 

One of these procedures rest .n the .dea i of 
oroducing. or obtaining polyclonal or monoclonal 
.mibodie's. by established t-J^^SJ 
105 aoainst a protein or another type of molecule o 
105 ffiemi«« or medical *^^SS^ 

130 Antibodies dir ct d against EGF 



6 
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injecting animals with EGF coupled to KLH (keyhole 
limpet hemocysnin) to augment the 
immunogenicity of the EGF. The anti-EGF 
antibodies f the immunized animals are purifi d, 
5 for example, by passage over an affinity column, 
where the ligand is EGF or a synthetic peptide 
corresponding to a fragment of EGF. The purified 
anti-EGF antibodies are then used as probes to 
screen a large number of bacterial clones tysed by 
10 cloroform. and on a solid support. The anti-EGF 
antibodies bind those stochastic peptides or 
proteins whose epitopes resemble those of the 
initial antigen. The clones containing such peptides 
or proteins are shown by autoradiography after 
1 5 incubation of the solid support with radioactive 
protein A. or after incubation with a radioactive anti- 
antibody antibody. 

These steps identify those clones, each of which 
contains one protein (and its gene) reacting with the 
20 «"«*mmfl imtihadv . It 8s feasible to screen among a 
vary large number o f colonies of bacterial cells or 
viral plaques (for example, on t hg order or — 
*1 'OOO'OOO) and it is feasible to de tect extremely, 
small quantities, on the order of 1 nanogram, of 
25 pmfin pmriurt. Thereafter, the identified clones are 
CUtt me jj and tha protaina so detected are purified in 
. conventional ways . These proteins are tested in 
vitro in cultures of epithelial cells to determine if 
they inhibit, simulate, or modulate the effects of EGF 
30 on these cultures. Among the proteins so obtained, 
some may be utilized for the chemotherapeutic 
treatment of epitheliomes. The activities of the 
proteins thus obtained can be improved by 
mutation of the DN A coding for the proteins, in 
35 ways analogous to those described above. A variant 
of this procedure consists in purifying these 
stochastic peptides, polypeptides or proteins, which 
can be used as vaccines or more generally to confer 
en immunity against a pathogenic agent or to 
40 exercise other effects on the immunological system, 
for example, to create a tolerance or diminish 
hypersensitivity with respect to a given antigen. In 
particular due to binding of these peptides, 
polypeptides or proteins with the antibodies 
45 directed against this antigen. It is dear that it is 
possible to use such peptides, polypeptides or 
proteins in vitro as well as in vivo. 

More precisely, in the ensemble of novel proteins 
which react with the antibodies against a given 
50 antigen X. each has at least one epitope in common 
with X, thus the ensemble has an ensemble of 
epitopes in common with X. This permits utilization 
of the ensemble or sub-ensemble as a vaccine to 
confer immunity against X- K is, for example, easy to 
55 purify one or several of the capsid proteins of the 
hepatitis B virus. These proteins can then be 
injected into an animal, for example, a rabbit and 
the antibodies corresponding to the initial antigen 
can be recovered by affinity column purification. 
60 These antibodies may be used, as described above, 
to identify clones producing at least ne protein 
having an epit pe resembling at least one of the 
pitopes of the initial antigen. After purification, 
these proteins ar us d as antigens (either alone or 
65 in combination) with the aim of conferring 



protection against hepatitis B. The final production 
f the vaccine does not require further access to the 
initial pathogenic agent. 
Note that, during the description of the 
70 procedures above, a number of means to achieve 
selection or screening-have been described. All 
these procedure may require the purification of a 
particular protein from a transformed clone. These 
protein purifications can be carried out. by 
75 established procedures and utilize, in particular, the 
techniques of gel chromatography, by ion 
exchange, and by affinity chromatography. In 
addition, the proteins generated by the stochastic 
genes can have been cloned in the form of hybrid 
80 proteins ha\ ing, for example, a sequence of the B- 
galactosidase enzyme which permits affinity 
chromatography against anti-P-galactcsidase 
antibodies, and allows the subsequent cleavage of 
the hybrid part (that is to say. allowing separation of 
85 the novel part and the bacterial part of the hybrid 
protein. Below we describe the principles and 
procedures tor selection o f ppntirfes or polypeptides 
and the corresponding genes, according to a second 
muthod of screening or selection based on the 
90 detec tion nf ♦*"» p^ay thasi> pgptides~o7 
polypeptides to catalyse a specific reaction. 

As a concrete and non limiting example, 
screening or selection in the particular case pf 
proteins capable of catalysing the cleavage of 
95 lactose, normally a function fulfilled by enzyme p- 
galactosidase (p-gal) will be described. 

As above described, the first step of the process 
consists in generating a very large ensemble of 
expression vectors, each expressing a distinct novel 
100 protein. To be concrete, fpr example, pne may 

chpose the pUC8 expressipn vector with cloning of 
stochastic sequences of DNA in the Pstl restriction 
site. The plasmids thus obtained are then 
introduced in a clone of E coli from whose genome 
105 the natural gene for p-galactosidese. Z. and a 
second gene EBG. unrelated to the first but able to 
mutate towards B-gal function, have both been 
eliminated by known genetic methods. Such host 
cells (Z", EBG") are not able by themselves to 
1 1 0 catalyse lactose hydrolysis, and as a consequence to 
use lactose as carbon source for growth. This 
permits utilization of such host clones for screening 
or selection for p-gal function. 
A convenient biological assay to analyse 
115 transformed E coli clones for those which have 
novel genes expressing a P-gal function consists in 
the culture of bacteria transformed as described in 
petri dishes containing X-gal in the medium. In this 
case, all bacterial colonies expressing a P-gal 
120 function are visualized as blue colonies. By using 
such a biological assay, it is possible to detect even 
weak catalytic activity. The specific activity of 
characteristic enzymes ranges from 10 and 10.000 
product molecules per second. 
125 Supposing that a protein synthesiz dbya 

stochastic gene has a weak specific activity, pn the 
rderof nem lecule per 100 seconds, it remains 
possible t detect such catalytic activity. In a petn 
dish cpntaining X-gal in the medium, and in the 
1 30 presence of the non metabolizable inducer IPTG 
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(isopr pyl-D-thiogalactoside) visualization fa blue 
region requires cleavage f about 10 10 to 10 
molecules f X-gal per square millimeter. A 
bacterial col ny expressing a weak enzyme and 
5 occupying a surface area of 1 mm' has about 10 to 
10 8 cells. M each cell has only one copy of the weaK 
enryme. each cell would need to catalyse cleavage 
of between 10*000 and 100 of x-gal to be detected, 
which would require between 2.7 and 270 hours, 
in Since under selective conditions it is possible to 
amplify the number of copies of each plasm.d per 
cell to 5 to 20 copies per cell, or even to 100 to 1000. 
and because up to 10% of the protein of the cell can 
be specified by the new gene, the duration needed 
15 to detect a colony blue in the case of 100 enryme 
molecules of weak activity per cell is on the order of 
0.27 to 2.7 hours. 

As a consequence of these facts, screening a very 
large number of independent bacterial colonies. 
20 each expressing a different novel gene, and using 
the capacity to express a B-gal function as the 
selection criterion, is fully feasible. It is possible to 
carry out screening of about 2000 colonies in one 
Petri dish of 10 cm diameter. Thus, about 20 million 
25 colonies can be screened on a sheet of X gal agar ot 
1 square meter. 

It is to be noted that bacterial colonies which 
appear blue on X gal Petri dishes might be false 
positives due to a mutation in the bacterial genome 
30 which confers on it the capacity to metabolize 

lactose, or for other reasons than those which result 
from a catalytic activity of the novel protein 
expressed by the cells of the colony. Such false 
positives can be directly eliminated by purifying the 
35 ON A of the expression vector from the positive 
colony, and retransforming Z", EBG'E coli host 
cells. H the B-gal activity is due to the novel protein 
coded by the new gene in the expression vector . an 
those cells transformed by that vector will exh.b. B- 
40 gal function. In contrast, if the initial blue colony is 
due to a mutation in the genome of the host cell, tt is 
a rare event and independent of the transformation, 
thus the number of cells of the new clone of 
transformed E coli capable of expressing gal 
45 function will be small or rero. 
r"*The power of mass simultaneous punfication ot 
all the expression vectors from all the positive 
clones (blue) followed by retransformation of naive 
bacteria should be stressed. Suppose that the aim is 
3 to carry out a screening to select proteins having ^a 
catalytic function, and that the probability that a new 
peptide or polypeptide carries out this function at 
least weakly is lO' 4 . while the probability that a 
clone of the E coli bacterial host undergoes a 
5 mutation rendering it capable of carrying out** 
same function is 1 then it can be calculated that 
among 20 million transformed bacten.^which ar. 
screened. 20 positive clones will be attributable to 
the nov I genes in expression vect rs which each 
60 carries, while 200 p sitive clones will be the result of 
genomic mutation. Mass purif.cat. n f the 
\pr ssi nvectorsfr mthetotal ^Oposrt.ve 
bacterial clones followed by retransformation of 
nSv bacteria with the mixture f these expression 

cJ " ...;n „,^„ro a \*"*° nnmhBt of nn<sitivf> 



clones consisting of all those bacteria transformed 
with the 20 expression vectors which code for the 
novel pr teins having the desired function, and a 
very small number of bacterial clones resulting from 
70 g nomic mutations and containing the 200 

expression vectors which are not of interesl^AsmaJI 
number ofc ycje Aflf pnr i firmifin Of exprgssjpn 
"^torTfromjr nili vr h n rH" ia ' colonies, followed by 



50 



55 



VeCIOr5 " nnl puanurr im 

^^7^^w^tin n allows the detection ofvery 
75 mrr r - r ^e,oTr^tor C truly positive for a desired 
-SalaTytlcljt i^autespite a high background rate of 
' mutationslnthehost cells for the same function. 
Following screening operations of this type, it is 
possible to purify the new protein by established 
80 techniques. The production of that protein in large 
quantity is made possible by the fact that 
identification of the useful protein occurs together 
with simultaneous identification of the gene coding 
for the same protein. Consequently, either the same 
85 expression vector can be used, or the novel gene 
can be transplanted into a more appropriated 
expression vector for its synthesis and isolation in 

18 ft fs feasible to apply this method of screening for 
90 any enrymatic function for which an appropriate 
biological assay exists. For such screenings, it is not 
necessary that the enzymatic function which is 
sought be useful to the host cell. It is possible to 
carry out screenings not only for an enzymatic 
95 function but for any other desired property for 
which it is possible to establish an appropnate 
biological assay. K is thus feasible to carry out. even 
in the simple case of B-gal function visuahzed on an 
X-gal Petri plate, a screening of on the order otioo 
100 million, or even a billion novel genes for a catalytic 
activity or any other desired property. 

Selection Of Transformed Host Cells 
On the other hand, it is possible to use selection 
105 techniques for any property, catalytic or otherwise, 
where the presence or absence of the property can 
be rendered essential for the survival of the host 
cells containing the expression vectors which code 
for the novel genes, or also can be used to select for 
1 10 those viruses coding and expressing the desired 
novel gene. As a non-limiting, but concrete 
example, selection for B-galactosidase f " nct '° n 
shall be described. An appropriate clone of Z EBG 
E. coli is not able to grow on lactose as the sole 
115 carbon source. Thus, after carrying out the first step 
described above, it is possible to culture a very large 
number of host cells transformed by the expression 
vectors coding for the novel genes, under selective 
conditions, either by progressive diminution of 
120 other sources of carbon, or utilization of lactose 
alone from the start. During the course of such 
selection, in vivo mutagenesis by recombination r 
by explicity recovering the expression vector and 
mutagenizing their novel genes m v/fro by various 
125 mutag ns. rbyanyotherc mmor ;te*n*ue. 
permits adaptiv improvements in the capacity to 
fulfil the desired catalytic function. When both 
select! ntechniqu s and convenient bioassay 
techniques xist at the same time, as in the present 
130 case, it is o ssiblet use select! n techniques 



GB 2 183 661 A 8 



initially to enrich the repr s ntation of host bacteria 
expressing the B-gal fundi n.th n carry uta 
screening on a Petri plate on X-gel medium to 

fablish efficiently which are the positive cells. In 
absence fc nvenient bioassays, application f 
tgressively stricter selection is the easiest route to 
rify one or a small number of distinct host cells 
ose expression vectors code for the proteins 
alysing the desired reaction. 
10 It is possible to utilize these techniques to find 
novel proteins having a large variety of structural 
and functional characteristics beyond the capacity 
to catalyse a specific reaction. For example, it is 
possible to carry out a screen or select for novel 
1 5 proteins which bind to cis-regutatory sites on the 
DNA and thereby block the expression of one of the 
host cell's functions, or block transcription of the 
DN A, stimulate transcription, etc. 
For example, in the case of E coii, a clone mutant 
20 in the repressor of the lactose operon (i-) expresses 
B-ga! function constitutive^ due to the fact the 
lactose operator is not repressed. All cells of this 
type produce blue clones on Petri plates containing 
X-gal medium. It is possible to transform such host 
25 cells with expression vectors synthesizing novel 
proteins and carry out a screen on X-gal Petri plates 
in order to detect those clones which are not blue. 
Among those, some represent the case where the 
new protein binds to the lactose operator and 
30 represses the synthesis of B-gal. It is then feasible to 
mass isolate such plasmids, retransform, isolate 
those clones which do not produce B-gal, and 
thereafter carry out a detailed verification. 
As me n ?inn»*t «k^ vp ttm proc ess can be utilized 

IK in nrri f r tn QBBlfi thi»n icnlme. not only exploitable 
proteins, but also RNA anri DNA its products in 
themselves, having exploitable properties. This 
r results from the fact that, on one hand, the 
\ procedure consists in creating stochastic sequences 
At of DNA which may interact directly with other 
/ cellular or biochemical constituents, and on the 
^s. other hand, these sequences cloned in expression 
J vectors are transcribed into RNA which are 
/ themselves capable of multiple biochemical 
4&Jnteractions. 

An Example Of The Us e Of The Procedure To Create 
And Select For AtPNAh rVhich Is Useful In Itself. 
This example illustrates selection for a useful 

50 DNA and the purification and study of the 

mechanism of action of regulatory proteins which 
bind to the DNA Consider a preparation of the 
oestradiol receptor, a protein obtained by standard 
techniques. In the presence of oestradiol. a steroid 

55 sexual hormone, the receptor changes 

conformation and binds tightly to certain specific 
sequences in the genomic DNA thus affecting the 
transcription of genes implicated in sexual 
differentiation and. the control of fertility J8y 

60 ineubatino a mixture contnininn oestradiol. its. 

rece ptor, and a la rg* n..mh«r of rtiffftrfffll SjQChaStiC 
DNA sequences inserted in theirvectors. followed, 
by filtration f the mixture a f "«« » "■*"> calluloseT 
membrane, one has a dir ct selectio n for »ho*a_ 

65 stochastic DNA sequences binding to the oestrogen- 



receptor complex, where only those DNA s bound to 
a protein are retained by the membrane. After 
washing and elution, the DNA liberated from the 
membrane i s utilized as such to transform bacteria. 

70 After culture of the transformed bacteria, the vectors 
which they contain are again purified and one or 
several cycles of incubation, filtration and 
transformation are carried out as desc ribed above, 
These procedures allow the isolation of stochastic 

75 sequences of DNA having an elevated affinity for the 
oestradiol-receptor complex. Such sequences are 
open to numerous diagnostic and pharmacologic 
applications, in particular, for developing synthetic 
oestrogens for the control of fertility and treatment 

80 of sterility. 

Creation And Selection Of An RNA Useful In Itself 
Let there be a large number of stochastic DNA 
sequences, produced as has been described and 

85 cloned in an expression vector. It follows that the 
RNA transcribed from these sequences in the 
transformed host cells can be useful products 
themselves. As a non limiting example, it is possible 
to select a stochastic gene coding for a suppressor 

90 transfer RNA (tRNA) by the following procedure;A. 
lame number f»10*) of stoch »«V? seqimnces are 
transformed into com petent bacterial hosts carrying 
a "nonsense" mutation in the arq E. gene. These 
transformed bacteria are plated on minimal medium 

95 without arginine and with the selective antibiotic for 
that plasmid (ampicillin if the vector is pUC8). Only 
those transformed bacteria which have become 
capable of synthesizing arginine will be able to 
grow. This phenotype can result either from a back 
100 mutation of the host genome, or the presence in the 
!Je cell of a suppressor. It is easy to test each 
transformed colony to determine if the arg + 
phenotype is or is not due to the presence of the 
stochastic gene in its vector; it suffices to purify the 
1 05 plasmid from this colony and verify that it confers 
an Arg+ phenotype on all arge E cells transformed 
byit. 

Selection Of Proteins Capable Of Catalysing A 

110 Sequence Of Reactions 

Below we describe another means of selection, 
open to independent applications, based on the 
principle of simultaneous and parallel selection of a 
certain number of novel proteins capable of 

115 catalysing a connected sequence of reactions. 
The basic idea Of this method is the following : 
given an initial ensemble of chemical compounds 
considered as building blocks or elements of 
construction from which it is hoped to synthetize 

120 one or several desired chemical compounds by 
means of a catalysed sequence of chemical 
reactions, there exists a very large number of 
reaction routes which can be partially or completely 
substituted for one another, which are all 

125 therm dynamically possible, and which lead from 
th set of building blocks to the desir d target 
compoundts). Efficient synthesis of a target 
comp undisfav red if each step of at least one 
reaction pathway leading fr m the building block 

130 compounds to the target comp undisc mpris dof 
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reactions each of which is catalysed. On the ther 
hand, it is relatively less important t determine 
which among the many independent r partially 
independent reaction pathways is catalysed. In the 
5 previous description, we have shown how it is 
possible to obtain a very large number of host ceils 
each of which expresses a distinct novel protein. 

Each of these novel proteins is a candidate to 
catalyse one or another of the possible reactions, in 
10 the set of all the possible reactions leading from the 
ensemble of building blocks to the target 
compound. If a sufficiently large number of 
stochastic proteins is present in a reaction mixture 
containing the building block compounds, such that 
15 a sufficiently large number of the possible reactions 
are catalysed, there is a high probability that one 
connected sequence of reactions leading from the 
set of building block compound to the target 
compound will be catalysed by a subset of the novel 
20 proteins. It is clear that this procedure can be 
extended to the catalysis not only of one. but ot 
several target compounds simultaneously. 

Based on this principle it is possible to proceed as 
follows in order to select in parallel a set of novel 
25 proteins catalysing a desired sequence of chemical 
reactions: 

1. Specify the desired set of compounds 
constituting the building blocks, utilizing 
preferentially a reasonably large number of distinct 

30 chemical species in order to increase the number of 
potential concurrent reactions leading to the desired 
target compound. 

2. Using an appropriate volume of reaction 
medium, add a very large number of novel 

35 stochastic proteins isolated from transformed or 
transfected cells synthesizing these proteins. Carry 
out an assay to determine if the target compound is 
formed. If it is, confirm that this formation requires 
the presence of the mixture of novel proteins, ff so. 
40 then the mixture should contain a subset of proteins 
catalysing one or several reaction pathways leading 
from the building block set to the target compound. 
Purify and divide the initial ensemble of clones 
which synthesize the set of novel stochastic 
45 proteins, the subset which is required to catalyse the 
sequence of reactions leading to the target 
compound. , . . ^ 

More precisely, as a non limiting example, below 
we describe selection of novel proteins capable ot 
50 catalysing the synthesis of a specific small peptide, 
in particular, a pentapeptide, starting from a 
building block set constituted of smaller peptides 
and amino acids. All peptides are constituted by a 
linear sequence of 20 different types 6f amino acids. 
55 oriented from the amino to the carboxy terminus. 
Any peptide can be formed in a single step by the 
terminal condensation of two smaller peptides (or of 
two amino acids), or by hydrolysis of a •«'9« r 
peptide. A peptide with M residu s can thus be 
60 formed by M-1 condensati n reactions. The numoer 
f reactions, R. by which a set f peptides having 
length 1.2. 3. ... M residues can be interconverted 
is larger than the number of possibl molecular 
species. T. This can be express d as R/TsM-2. Thus. 



large number f independent or partially 
independent reaction pathways lead to the 
synthesis of a specific target peptide. Choose a 
pentapeptide whose presence can be determined 
70 conveniently by some common assay technique f r 
example HPLC (liquid phase high pressure 
chromatography), paper chromatography, etc. 
Formation of a peptide bond requires energy in a 
dilute aqueous medium, but if the peptides 
75 participating in the condensation reactions are 
adequately concentrated, formation of peptide 
bonds is thermodynamically favored over 
hydrolysis and occurs efficiently in the presence of 
en appropriate enzymatic catalyst, for example 
80 pepsin or trypsin; without requiring the presence of 
ATP or other high energy compounds. Such a 
reaction mixture of small peptides whose amino 
acids are marked radioactively to act as tracers with 
*H. ,4 C. **S. constituting the building block set can 
85 be used at sufficiently high concentrations to lead to 
condensation reactions. 

For example, it is feasible to proceed as follows: 
15 mg of each amino acid and small peptides having 
2 to 4 amino adds, chosen to constitute the building 
90 block set are dissolved in a volume of 0,25 ml to 1 .0 
ml of a 0.1 M pH 7.6 phosphate buffer. A large 
number of novel proteins, generated and isolated as 
described above are purified from their bacterial or 
other host cells. The mixture of these novel proteins 
95 is dissolved to a final concentration on the order of 
0.8 to 1 .0 mg/ml in the same buffer. 0,25 ml to 0.5 ml 
of the protein mixture is added to the mixture of 
building blocks. This is incubated at 25X to 40«C for 
1 to 40 hours. Aliquots of 8 pi are removed at regular 
100 intervals, the first is used as a "blank" and taken 
before addition of the mixture of novel proteins. 
These aliquots are analysed by chromatography 
using n-butanol-acetic acid-pyridine-water 
(30:6:20:24 by volume) as the solvent. The 
105 chromatogram is dried and analysed by ninhydnn 
or autoradiography (with or without intensifying 
screens). Because the compound constituting the 
building block set are radioactively marked, the 
target compound will be radioactive and it will have 
110 specific activity high enough to permit detection at 
the level of 1-10 ng. In place of standard 
chromatographic analysis, it is possible to use HPLC 
(high pressure liquid chromatography) which is 
faster and simpler to carry out. More generally, all 
1 15 the usual analytic procedures cen be 

Consequently it is possible to detect a yield of the 
target compound of less than one part per million by 
weight compared to the compounds used as initial 
building blocks. 
120 M the pentapeptide is formed in the conditions 
described above, but not when an extract is utilized 
which is derived from host cells transformed by an 
expression vector containing no stochastic 9 enes ; 
the formation of the pentapeptide is not the result of 
125 bacterial contaminants and thus r quires the 
pr sence f a subset of the novel proteins in the 
reacti n mixture. . 

The f llowing step consists in the separation of 
the particular subset of cells which contam 

. th> -nx'ol n'n'oms 
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catalysing the sequence of reactions leading to the 
target pentapeptide. As an example, if the number 
of reactions forming this sequence is 5, there are 
about 5 novel proteins which catalyse the necessary 
5 reactions. H the clone bank of bacteria containing 
the expression vectors which code for the novel 
genes has a number of distinct novel genes which is 
on the order of 1 'OOO'OOO all these expression 
vectors are isolated en masse and retransformed 
10 into 100 distinct sets of 10* bacteria at a ratio of 
vectors to bacteria which is sufficiently low that on 
average, the number of bacteria in each set which 
are transformed is about half the number of initial 
genes, i.e. about 500'000. Thus, the probability that 
1 5 any given one of the 1 00 sets of bacteria contains 
the entire set of 5 critical novel proteins is (1/21**1/ 
32. Among the 100 initial sets of bacteria, about 3 
will contain the 5 critical transformants. In each of 
these sets, the total number of new genes is only 
20 500 000 rather than 1 'OOO'OOO. By successive 
repetitions the total number of which is about 20 in 
the present case, this procedure isolates the 5 
critical novel genes. Following this, mutagenesis 
and selection on this set of S stochastic genes allows 
25 improvement of the necessary catalytic functions. In 
a case where it is necessary to catalyse a sequence 
of 20 reactions and 20 genes coding novel proteins 
need to be isolated in parallel, it suffices to adjust 
the multiplicity of transformation such that each set 
30 of 10' bacteria receives 80% of the 10 8 stochastic 
genes, and to use 200 such sets of bacteria. The 
probability that all 20 novel proteins are found in 
one set is 0.8 w a0,015. Thus, about 2 among the 200 
sets will have the 20 novel genes which are needed 
35 to catalyse the formation of the target compound. 
The number of cycles required for isolation of the 20 
novel genes is on the order of 30. 

The principles and procedures described above 
generalize from the case of peptides to numerous 
40 areas of chemistry in which chemical reactions take 
place in aqueous medium, in temperature, pH. and 
concentration conditions which permit general 
enzymatic function. In each case it is necessary to 
make use of en assay method to detect the 
45 formation of the desired target eompound(s). It is 
also necessary to choose a sufficiently large number 
of building block compounds to augment the 
number of reaction sequences which lead to the 
target compound. 
50 The concrete example which was given for the 
synthesis of a target pentapeptide can also be 
generalized as follows: 

The procedure as described, generates among 
other products, stochastic peptides and proteins. 
55 These peptides or proteins can act. catalytically or In 
other ways, on other compounds. They can equally 
constitute the substrates on which they act. Thus, H 
is possible to select (or screen) for the capacity of 
such stochastic peptides or proteins to interact 
60 among th mselves and thereby m drfythe 

conformation, the structure or th fundi n of some 
am ng them. Similarly, H is possible to select (or 
scr n)f r the capacity of these peptides and 
prot inst catalyse among themselves, hydrolysis, 



modifying the peptides. F r example, the hydrolysis 
of a given stochastic peptide by at least one member 
of the set of stochastic peptides and prot ins can be 
f (lowed and measured by radioactive marking of 
70 the given protein followed by an incubation with a 
mixture of the stochastic proteins in the presence of 
ions such as Mg, Ca. Zn, Fe and ATP or GTP. The 
appearance of radioactive fragments of the marked 
protein is then measured as described. The 
75 stochastic protein(s) which catalyse this reaction 
can again be isolated, along with the genets) 
producing them, by sequential diminution of the 
library of transformed clones, as described above. 
An extension of the procedure consists in the 
80 selection of an ensemble of stochastic peptides and 
polypeptides capable of catalysing a set of reactions 
leading from the initial building blocks (amino acids 
and small peptides) to some of the peptides or 
polypeptides of the set. H is therefore also possible 
85 to select an ensemble capable of catalysing its own 
synthesis; such a reflexively autocatalytic set can be 
established in a chemostat where the products of 
the reactions are constantly diluted, but where the 
concentration of the building blocks is maintained 
90 constant Alternatively, synthesis of such a set is 
aided by enclosing the complex set of peptides in 
liposomes by standard techniques. In a hypertonic 
aqueous environment surrounding such liposomes, 
condensation reaction forming larger peptides 
95 lowers the osmotic pressure inside the liposomes. 
■ drives water molecules produced by the 

condensation reactions out of the liposomes, hence 
favors synthesis of larger polymers. Existence of 
such an autocatalytic ensemble can be verified by 
100 two dimensional gel electrophoresis and by HPLC, 
showing the synthesis of a stable distribution of 
peptides and polypeptides. The appropriate reaction 
volume depends on the number of molecular 
species used, and the concentrations necessary to 
105 favor the formation of peptide bonds over their 
hydrolysis. The distribution of molecular species of 
an autocatalytic ensemble is free to vary or change 
due to the emergence of variant autocatalytic 
ensembles. The peptides and polypeptides which 
110 constitute an autocatalytic set may have certain 
elements in common with the large initial ensemble 
(constituted of coded peptides and polypeptides as 
given by our procedure) but can also contain 
peptides and polypeptides which are not coded by 
115 the ensemble of stochastic genes coding for the 
initial ensemble. 

The set of stochastic genes whose products are 
necessary to establish such an autocatalytic set can 
be isolated as has been described, by sequential 
120 diminution of the library of transformed clones. In 
addition, an autocatalytic set can contain coded 
peptides initially coded by the stochastic genes and 
synthesized continuously in the autocatalytic set. To 
isolate this cod d subset fp ptides and proteins, 
125 theautocatyticsetcanbeus dto btain, through 
immunization in en animal, p ly lonalsera 
recognizing e very large number of constituents of 
theaut catalytic set. 
Th se sera can be utilized to screen the library of 
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proteins able to combine with the antibodies 
present in the sera. 

This set f stochastic genes expresses a large 
number f coded stochastic pr teins which persist 

5 In the autocatalytic set. The remainder of the coded 
constituents of such an autocatalytic set can be 
isolated by serial diminution of the library of 
stochastic genes, from which the subset detected by 
immunological methods has first been subtracted. 

10 Such autocatalytic sets of peptides and proteins, 
obtained as noted, may find a number of practical 
applications. 



CLAIMS 

15 Q3 Process for the production of peptides or 
pol ypeptides by microbiological means, 
characterized in that genes which are at least 
partially composed of stochastic synthetic 
polynucleotides are produced simultaneously in a 
20 common milieu, that the genes thus obtained are 
Introduced intohost cells, that the independent 
clones of the transformed host cells containing 
these genes are simultaneously cultivated so as to 
done the stochastic genes and lead to the 
25 production of proteins expressed by each of these 
stochastic genes, that screening end/or selection ts 
carried out on such clones of transformed host cells 
to identify those clones producing peptides or 
polypeptides having at least one specified property. 
30 that the clones so identified are isolated, then grown 
in a manner so as to produce at least one peptide or 
polypeptide having the said property. 

2. Process according to claim 1 , characterized by 
the fact that the genes are produced by stochastic 
35 copolymerization of the four types of 

deoxyphosphonucleotides A. C. G and T, starting 
from the two extremities of an expression vector 
which was previously linearized, then by formation 
of cohesive extremities to create a first strand of 
40 stochastic DNA constituted of a molecule of 
expression vector possessing two stochastic 
sequences whose 3' extremities are 
complementary, followed by synthesis of the 
second strand of the stochastic DNA. 
45 3. Process according to claim 1 . characterized by 
the fact that the genes are produced by stochastic 
copolymerization of double stranded 
oligonucleotides which do not have cohesive ends, 
in a manner so as to form fragments of stochastic 
50 DNA, followed by ligation of these fragments in an 
expression vector which was previously linearized. 

4. Process according to claim 2 or 3, characterized 
by the fact that the expression vector is a P ,88r "'°; 

5. Process according to claim 4. characterized by 
55 the fact that the expression vector is pUC8. 

6. Process according to clBim 2 or claim 3. 
characterized by the fact that expression vector is a 
fragment of viral ON A. 

7. Process according t claim 2 or claim 3. 
60 characterized by the fact that the expression vector 

is a hybrid of plasmid and viral DNA. 

8 Process according to claim 1 to 6, characterized 
by the fact that the h st cells are prokary tic cells. 

9 Process according to claims 1 to 7 characterized 



10. Proc ss according to claim 8. characterized by 
the fact that the cells are chosen among HB1 01 and 
C600. 

11. Process according to claim 3. characterized by 
70 the fact that the ol igonucleotides form a group of 

palindromic octamers. 

12. Process according to claim 1 1 characterized by 
the fact that the group of palindromic octamers is 
the following group: 

75 

5' 6GAATTCC3' 
5' GGTCGACC 3' 
5' CAAGCTTG 3' 
5' CCATATGG 3' 
80 5' CATCGATG 3' 



13. Process according to daim 3, characterized by 
the fact that the oligonucleotides form a group of 
palindromic heptamers. 
„ 14. Process according to claim 13, characterized 
85 by the fact that the group of palindromic heptamers 
is the following group: 

S'XTCGCGAS' 
5'XCTGCAG3' 
90 -5*RGGTACC3' 

where X=A. G, C, orT, and R=A orT. 

1 5. Process according to daim 4 and one of the 
daim 1 2 or 14. characterized by the fact that one first 
95 isolates and purifies the transforming DNA derived 
from a culture of independent dones of transformed 
host cells obtained by proceeding in the manner 
specified in claim 1 1 or in claim 13. then that one 
cuts the purified DNA by means of at least one 
1 00 restriction enzyme which corresponds to a specific 
restriction site present in these palindromic 
octamers or heptamers. but absent from the 
expression vector being xrtilized. that one thereafter 
simultaneously treats the ensemble of linearized 
1 05 stochastic DNA fragments so obtained by T4 DNA 
ligase in such a manner as to create a new ensemble 
of DNA containing new stochastic sequences, and 
that one uses this new ensemble of transforming 
DNA to transform host cells and clone such genes. 
110 and finally that one carries out screening and/or 
selection and isolates the new clones of 
transformed cells and that one grows these so as to 
produce at least one peptide or polypeptide hav.ng 
e desired property. . 
115 16. Process according to daim 1 . charatterizea Dy 
the fact that the said property is the capacity to 
catalyse a given chemical reaction. 

17. Process eccording to claim 1 for the 
production of several peptides and/or polypeptides, 

120 characterized by the feet that the said property .s the 
capacity to catalyse a sequence of reactions leading 
from a given group of initial chemical compounds to 
at least one target compound. 

18. Process according to claim 16 for the 
125 pr ducti n fan nsemble consisting of more than 

one peptide and/ r polypeptide which is ref lexively 
autocatalytic. charact riz d by the fact that the said 
pr p rty is the capacity to catalyse the synthesis ot 
the ensemble itself starting from amino acids and/or 
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19. Process according t claim 1. characterized by 
the fact that the said property is the capacity to 
modify selectively the chemical and/or biological 
properties of a given compound. 
5 20. Process according to claim 19. characterized 
by the fact that the said property is the capacity to 
modify selectively the catalytic activity of a 
polypeptide. 

21. Process according to daim 19. characterized 
1 0 by the fact that the said property is the capacity to 

simulate or modify at least one biological function 
of at least one biologically active compound. 

22. Process according to claim 21 , characterized 
by the fact that the said biologically active 

15 compound is chosen among the hormones. 

neurotransmitters, adhesion or growth factors, and 
specific regulators or replication and/or 
transcription of DNA, and/or translation of RN A. 

23. Process according to claim 1. characterized by 
20 the fact that the said property is the capacity to bind 

to a given ligand. 

24. Utilization of a peptide or polypeptide 
obtained by the process according to claim 23 for 
the detection and/or titration of the ligand. 

25 25. Process according to claim 1 . characterized by 
the fact that the property is to have at least one 
epitope similar to one of the epitopes of a given 
antigen. 

26. Process according to claim 19 and 25. 
30 characterized by the fact that the said property is the 
capacity to simulate or modify the effects of a 
biologically active molecule, and that screening and/ 
or selection of the clones of transformed host cells 
producing at least one peptide or polypeptide 
35 having this property is carried out by preparing 
antibodies against that molecule, and utilizing these 
antibodies so obtained to identify those clones 
containing those peptides or polypeptides, then by 
growing the clones thus identified and separating 
40 and purifying the peptide or polypeptide produced 
by these clones, and finally by submitting these 
peptide(s) or polypeptide(s) to an assay in vitro to 
verify that it has in fact the capacity to simulate or 
modify the effects of the said molecule. 
45 27. Peptides or polypeptides obtained by the 
process according to claim 1 or claim 26. utilizable 
as active substances having a pharmacologic and/or 
chemotherapeutic action. 
28. Peptides or polypeptides, obtained by the 
50 process according to claim 25. utilizable to diminish. 
in vitro or in vivo, the concentration of free 
antibodies, specific for the said antigen, by 
formation of bonds between these peptides or 
polypeptides and these antibodies. 
55 29. Peptides or polypeptides according to claims 
27 or 28. utilizable as agents to suppress 
immunological hypersensitivity. 

30. Peptides or polypeptides, obtained by the 
process according to claim 25, utilizable as egents to 

60 create tolerance with respect to the said antigen. 

31 . Process according t daim 25. characterized 
byth fact that the antigen is EGF. 

32. Peptides or polypeptides btamed by the 
proc ss according to laim 31. utilizable for the 



33. Process according t claim 1 , characterized by 
the fact that clones of transformed host cells 
pr ducing peptides or polypeptides having the 
desired pr perty are identified and isolated by 

70 affinity chromatography on antibodies 

corresponding to a protein expressed by the natural 
fragment of the DNA hybrid. 

34. Process according to daim 33. characterized 
by the fact that the natural f ragmentof the DNA 

75 hybrid contains a gene expressing B-galactosidase. 
and that one identifies and isolates the said clones 
of transformed cell hosts by affinity 
chromatography with anti-B-galactosidase 
antibodies. 

80 35. Process according to claim 1 . or claim 34, 
characterized by the fact that after expression and 
purification of the hybrid peptides or polypeptides, 
the novel fragments are separated and isolated. 

36. Application of the process according to claim 
85 25 or claim 26. for the preparation of a vaccine. 

characterized by the fact that antibodies against a 
pathogenic agent are obtained and used to identify 
those clones producing at least one protein having 
at least one epitope similar to one of the epitopes of 
90 the pathogenic agent that the corresponding clones 
of transformed host cells are grown in such a 
manner as to produce this protein, that the protein is 
isolated and purified from the cultures of clones of 
cells and that this protein is used for the production 
95 of a vaccine against the pathogenic agent. 

37. Application according to claim 36. for the 
preparation of an anti-HVB vaccine, characterized by 
the fact that at least one capsid protein of the HVB 
virus is extracted and purified, thBt this protein is 

100 injected into the body of an animal capable of 
forming antibodies against this protein, that these 
antibodies are recovered and purified, that these 
antibodies are used to identify those clones 
producing at least one protein having at least one 
105 epitope similar to one of the epitopes of the HVB 
virus, that the clones of transformed host cells 
corresponding to these clones are grown in a 
manner to produce this protein, that this protein is 
isolated and purified from these cultures of host 
1 10 cells, and that this protein is used for the production 
of an anti-HVB vaccine. . 

38. Process according tm daim 1. characterized by 
the fact that the host cells consist in bacteria of 
Escherichia coli type, whose genome contains 
1 1 5 neither the natural B-galactosidase gene, nor the 
EBG gene, that is Z". EGB" E coli. end that these 
transformed host cells are cultured in an X-gal 
medium also containing the inducer IPTG, that 
dones which are positive for B-galactosidase 
120 function are detected in the culture milieu, that 

thereafter this DNA is transplanted to a done of host 
cells appropriate for industrial production of at least 
one peptide, polypeptide or protein with B- 
galact sidasefuncti n. 
125 39. Pr cess according to daim l.charactenzeooy 
the fact that the said pr perty is the capacity to bind 
to a given compound. 

40. Process according to daim 39, characters 
by the fact that th said compound is chosen among 
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41 . Process according to claim 40. characterized 
by the fact that the said prot ins are proteins 
regulating the transcription activity r replication of 
DNA. 

5 42. Process according to daim 39. characterized 
by the fact that the said compound is chosen among 
the sequences of DNA and RN A. 

43. Proteins obtained by the process according to 
daim 40 or claim 42. 

10 (^Process for the production of DNA. 

characterized by the fact that, in the same milieu, 
genes which are at least partially composed of 
stochastic synthetic polynucleotides are produced, 
that the genes so produced fisre -introduced into host 

15 colls In a manner to produce an ensemble of 

transformed hn<t calla that thwgp ftr* grown so as fO 
produce independent clones of the host cells so 
produced,, that ser ening «nri / of selection is carried 
out on this ensemble |g identify those host cells 

20 which contain those stochastic sequences of DNA 
having at least one desired property, and that such 
DNA is isolated from the identified cultures of the 

45. Process according to claim 44, characterized 
25 by the fact that the said property is the capacity to 

bind to given compound. 

46. Process according to claim 45, characterized 
by the fact that the said compound is chosen among 
the peptides, polypeptides and proteins. 

30 47. Process according to daim 45, characterized 
by the fact that the said compound is a compound 
regulating the transcription activity or the 
replication of DNA. 
48. Process according to claim 47, characterized 

35 by the feet that the said compound is a regulatory 
protein controlling the transcription or replication of 
DNA. 



49. Utilization f a sequence of DNA obtained by 
thepr cess according t claim 46, or claim 47, as a 

40 ds-regulatory sequence of replication or 

transcription f a neighboring sequence of DNA. 

50. Process according to claim 42, characterized 
by the fact that th proteins btained have the 
capacity to modify the transcription activity, the 

45 replication, or the stability of DNA. 

51 . Utilization of a protein obtained by the process 
according to claim 48, to modify the transcription, 
replication or stability of a sequence of DNA in a cell 
containing this sequence of DNA and expressing 

50 thisorotein. 

^3) Process for the production of RNA. 
characterized by the fact that, in the same milieu, 
genes which are at least partially composed of 
. synthetic stochastic polynucleotides are produced 

55 simultaneously, that the genes ohtainari «»» 
Introduced in host calls In a manner tn nrnritice an, 
* ensemble of transformed host ce lls /fhatj he 
independent clones of transformed host cells so 
produced are grown simultaneously Jthatjhe . 

60 screening and/or selection Is carried out on this 
ensemble in a manner to identify those host cells, 
containing stochastic sequences of RNA having at 
least one desired property, and that the RNA is 
isolated from the cultures of host cells so identified. 

65 S3. Process according to claim 52, characterized 
by the fact that the said property is the capacity to 
bind to a given compound. 

54. Process according to daim 52. characterized 
by the fact that the said property is the capacity to 

70 catalyse a given chemical reaction. 

55. Process according to claim 52. characterized 
by the fact that the said property is to be a transfer 
RNA. 
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